Introduction

!
Barrett's esophagus occurs as a result of chronic injury to the esophageal epithelium by reflux of gastroduodenal contents associated with gastroesophageal reflux disease (GERD) [1, 2] . A diagnosis of Barrett's esophagus is suspected upon discovery of salmon-colored epithelium in the esophagus and is confirmed by mucosal biopsy that demonstrates intestinal epithelium containing goblet cells, referred to as intestinal metaplasia [3] . Barrett's esophagus is categorized endoscopically by length and histologically according to the absence or presence/severity of dysplastic cellular changes: nondysplastic, low grade dysplasia (LGD), or high grade dysplasia (HGD). These morphological categories represent surrogate markers of increasing risk of developing esophageal adenocarcinoma (EAC). Hence, medical society guidelines have commonly recommended a strategy of surveillance endoscopy with biopsy for patients with nondysplastic and LGD Barrett's esophagus, to: (i) detect neoplastic progression prior to EAC, or (ii) detect EAC at a treatable stage [3 -7] . A surveillance strategy for nondysplastic and LGD Barrett's esophagus has many recognized limitations: biopsy sampling errors, lack of compliance with surveillance protocols, cost, cost-utility considerations, and failure to avert EAC in many cases. Therefore, endoscopic therapies intended to completely remove or ablate the nondysplastic and LGD Barrett's esophagus epithelium have been evaluated as alternative strategies [8 -13] . In a multicenter study, the AIM-II Trial, we have evaluated endoscopic radiofrequency ablation Background and study aims: The AIM-II Trial included patients with nondysplastic Barrett's esophagus (NDBE) treated with radiofrequency ablation (RFA). Complete eradication of NDBE (complete response-intestinal metaplasia [CR-IM]) was achieved in 98.4 % of patients at 2.5 years. We report the proportion of patients demonstrating CR-IM at 5-year follow-up. Patients and methods: Prospective, multicenter US trial (NCT00489268). After endoscopic RFA of NDBE up to 6 cm, patients with CR-IM at 2.5 years were eligible for longer-term follow-up. At 5 years, we obtained four-quadrant biopsies from every 1 cm of the original extent of Barrett's esophagus. All specimens were reviewed by one expert gastrointestinal pathologist, followed by focal RFA and repeat biopsy if NDBE was identified. Primary outcomes were (i) proportion of patients demonstrating CR-IM at 5-year biopsy, and (ii) proportion of patients demonstrating CR-IM at 5-year biopsy or after the single-session focal RFA.
Results:
Of 60 eligible patients, 50 consented to participate. Of 1473 esophageal specimens obtained at 5 years 85 % contained lamina propria or deeper tissue (per patient, mean 30 [13] , standard deviation [SD] 13). CR-IM was demonstrated in 92 % (46 / 50) of patients, while 8 % (4 / 50) had focal NDBE; focal RFA converted all these to CR-IM. There were no buried glands, dysplasia, strictures, or serious adverse events. Kaplan-Meier CR-IM survival analysis showed probability of maintaining CR-IM for at least 4 years after first durable CR-IM was 0.91 (95 % confidence interval [CI] 0.77 -0.97) and mean duration of CR-IM was 4.22 years (standard error [SE] 0.12). Conclusions: In patients with NDBE treated with RFA, CR-IM was demonstrated in the majority of patients (92 %) at 5-year follow-up, biopsy depth was adequate to detect recurrence, and all failures (4 / 4, 100 %) were converted to CR-IM with singlesession focal RFA.
(RFA) for patients with nondysplastic Barrett's esophagus (NDBE), and have previously reported complete eradication of NDBE (all esophageal biopsies negative for intestinal metaplasia, termed complete response-intestinal metaplasia [CR-IM]) in 98.4 % of patients at 2.5-year follow-up [14] . To assess the longer-term durability of complete reversion to a squamous epithelium after ablation, we performed endoscopy and biopsy at 5-year follow-up in patients from the trial who had shown CR-IM at 2.5 years.
Patients and methods
!
This is a report of the 5-year outcomes of a prospective cohort study (ClinicalTrials.gov identifier NCT00489268) conducted at eight US centers between May 2004 and November 2009. Five of the study centers were tertiary referral academic teaching hospitals, while three were large community practices with the experience and staffing for conducting clinical trials. The institutional review board at each site approved the study protocol and the form provided for informed consent from patients. All the study participants gave their informed consent.
Patients
In Phase I of this study (from study entry to 2.5-year follow-up), eligibility criteria included age 18 -75 years and presence of NDBE (2 -6 cm). All patients underwent confirmatory endoscopy with biopsies from the esophageal body within 6 months of enrollment for corroboration that the morphological grade of Barrett's esophagus was not worse than nondysplastic. Exclusion criteria were: esophageal stricture or varices, active esophagitis, previous ablation, previous endoscopic resection, previous radiation therapy to the esophagus, any history of esophageal dysplasia or malignancy, or presence of an implanted electrical device. Patients were provided with antisecretory medication; oral esomeprazole (AstraZeneca LP, Wilmington, Delaware, USA) was used during the first 2.5 years of the study, at 40 mg per day with dose escalation to 40 mg twice a day for 1 month after ablation. In Phase II of this study (2.5 years to 5 years), attempts were made to contact all 60 patients who met eligibility criteria for the 5-year biopsy. Antisecretory medication type and dosage were decided at the discretion of the investigator. Patients were provided with oral esomeprazole 40 mg twice per day for 2 months prior to the 5-year visit to minimize inflammation at the time of endoscopy with biopsy.
Study devices
In Phase I of the study, endoscopic circumferential RFA was performed with the HALO 360 system (BÂRRX Medical, Inc., Sunnyvale, California, USA) comprising a sizing balloon, a balloon-based ablation catheter and an energy generator. Endoscopic focal RFA was done using the HALO 90 system, comprising an electrode array fitted to the distal end of an endoscope.
Patient flow
At the beginning of the study (Phase I), we enrolled 70 patients who met all the inclusion criteria for the study and to whom none of the exclusion criteria applied (• " Fig. 1 ). After circumferential RFA, a complete response for intestinal metaplasia (CR-IM), defined as all esophageal biopsies being negative for intestinal metaplasia, was seen in 48 of 69 patients (70 %) at 1-year follow-up. After 1-year follow-up, patients with persistent Barrett's esophagus or an irregular squamocolumnar junction received focal RFA. As a result, CR-IM was found in 60 of 61 patients (98 %) at 2.5-year follow-up. In the present trial (phase II), patients with CR-IM at the 2.5-year follow-up were eligible for 5-year endoscopic biopsy to assess the durability of reversion to a squamous epithelium.
• " Fig. 2 shows a series of endoscopic images from representative patients at various time points in the study.
5-year endoscopy with biopsy visit
Radial Jaw-4 2.8-mm forceps (Boston Scientific Corp, Natick, Massachusetts, USA) were provided at each site for obtaining biopsies at the 5-year visit. Investigators were permitted, at their discretion, to use other large-jaw forceps including the Olympus Endojaw 220 FE 2.8-mm forceps and the Olympus FB-13K 3.7-mm forceps (Olympus America, Center Valley, Pennsylvania, USA). Biopsy specimens were obtained using these types of biopsy forceps, with tissue samples taken from four quadrants per █ Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. level, beginning at the top of the gastric folds and moving proximally in 1-cm increments to encompass the entire baseline extent of Barrett's esophagus. Additionally, directed biopsy specimens were obtained from any areas that appeared abnormal. Biopsies distal to the top of the gastric folds were not mandated in this trial nor were they included in the analysis if obtained. All biopsy specimens from one level or one focal area were submitted in one jar containing formalin and labelled with the location of the biopsy as well as study subject identifier codes. The study protocol did not mandate a specific type of endoscopic technique or type of endoscopic equipment for the 5-year endoscopy with biopsy visit. Investigators indicated on each case report form whether or not the following techniques were used: (i) Lugol chromoendoscopy, (ii) high-definition endoscopy, or (iii) electronic imaging, such as narrow band imaging (NBI).
Central pathology interpretation and processing
Study specimens were sent in a standardized kit to a central pathology laboratory (Gastrointestinal Pathology, LLC, Memphis, Tennessee, USA). The formalin-fixed specimens from each container were embedded in paraffin (one block per jar), affixed to slides, and stained with hematoxylin and eosin. One slide represented each level or focal area sampled. A board-certified pathologist (P.J.D.) specializing in gastrointestinal pathology evaluated each specimen on each slide and categorized each according to tissue type (intestinal metaplasia versus squamous), dysplasia or cancer in intestinal metaplasia if present, and biopsy depth. Depth was defined as the deepest tissue layer present in each specimen: epithelium, lamina propria, muscularis mucosae, or submucosa. Biopsy specimens were considered to contain subepithelial structures if they contained lamina propria, muscularis mucosae, or submucosa. Each biopsy specimen was also evaluated for the presence of buried glandular mucosa, defined as "any specialized columnar epithelium covered by a layer of squamous epithelium with no communication with the surface" [15] . Finally, each tissue block was evaluated for the presence of inflammation. All data were entered into a standardized pathology case report form.
Salvage focal ablation
Patients in whom intestinal metaplasia was detected at the 5-year follow-up underwent endoscopy with focal RFA 1 month later, followed by repeat biopsy 2 months after RFA to assess histological response. Treatment settings were 12 J/cm 2 and 40 W/ cm 2 . Areas positive for intestinal metaplasia at 5-year biopsy were targeted, along with the region of the top of the gastric folds. Each location was treated twice successively, followed by cleaning of the coagulum from the treated area and electrode, followed by treatment of each location twice again.
Outcome measures
The primary study outcomes were defined a priori as: (i) the proportion of patients with CR-IM at the 5-year biopsy visit, and (ii) the proportion of patients demonstrating CR-IM at the 5-year biopsy visit or at the biopsy visit after single-session salvage focal RFA. Secondary outcomes were defined a priori as: (i) proportion of 5-year failures converted to CR-IM after single-session salvage focal RFA; (ii) biopsy depth; (iii) prevalence of buried glandular mucosa; (iv) prevalence of dysplasia; (v) Kaplan-Meier CR-IM survival analysis; and (vi) adverse events. All adverse events and serious adverse events were recorded on a standardized case report form. Specifically, a stricture in this study was defined a priori as any narrowing of the esophageal lumen in the area of treatment causing symptoms or requiring dilation. All case report forms at each site were monitored throughout the study period and queries issued in cases of noncompliance.
Statistical analysis
Data analysis was performed using SAS software, version 9 (SAS Institute, Cary, North Carolina, USA). The study population for the primary analysis included all eligible patients who gave their informed consent for the 5-year follow-up. Baseline patient data for the eligible patient group were assessed to detect differences between participants and decliners. Biopsy sample characteristics were compared for patients with CR-IM at 5 years vs. those with failure at 5 years, as well as for those with failure at 5 years vs. post-salvage RFA after 5 years. Fisher's exact test was used to compare categorical variables. For continuous variables, a t test was used for variables which did not display non-normality for either treatment group (Shapiro-Wilk P value > 0.05) and the Mann-Whitney test was used otherwise. All tests were two-sided and P values less than 0.05 were considered statistically significant. In participants, the durability of CR-IM was assessed using the Kaplan-Meier survival curve with 95 % confidence intervals (CIs) generated using Greenwood's formula for computing standard errors. In this analysis, "time-zero" (start of CR-IM period for the survival analysis calculation) was the first durable CR-IM after enrollment (defined as either the 2.5-year time point or an earlier time point at which the first of two consecutive study biopsy sessions demonstrated CR-IM [6 or 12 months]). Since all participants in this phase of the study had CR-IM at 2.5 years, time-zero was therefore either the 6-month, 12-month, or 2.5-year follow-█ Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. █ Fig. 2 Endoscopic images from representative study patients. a A 6-cm length of Barrett's esophagus without dysplasia at baseline. b Appearance immediately following circumferential ablation. c Focal radiofrequency device mounted on the tip of the gastroscope, with ablation zone seen distally. Ablation was done for residual intestinal metaplasia after 1-year follow-up. d Endoscopy demonstrating no Barrett's esophagus at 2.5 years with all biopsies negative for intestinal metaplasia. e Retroflexed view of gastroesophageal junction in patient at 5-year follow-up, showing neosquamous epithelium extending to the cardia. The esophagus was normal on endoscopy, with all biopsies negative for intestinal metaplasia.
up visit (endoscopy with biopsy) for all patients. For the purpose of this survival analysis, where patients were found to have recurrent intestinal metaplasia after 2.5 years it was assumed that for half the elapsed time between endoscopies their status had been CR-IM and for the other half intestinal metaplasia had been present.
Results
!
For this 5-year follow-up of the AIM-II trial there were 60 eligible patients from eight US centers, of whom 50 (83 %) were willing to participate and gave signed consent for the extended follow-up described in the approved protocol (• " Fig. 1 ). The baseline patient characteristics of the eligible (n = 60), participant (n = 50), and declining (n = 10) subgroups are shown in • " Table 1 . Comparing baseline characteristics of participants (n = 50) versus decliners (n = 10), only entry age was different between the groups, with participants being younger than decliners (P < 0.05). At the 5-year biopsy visit, the mean (SD) number of biopsies obtained per patient was 30 (13) comprising a total of 1473 biopsies (• " Table 2) . Regarding the first primary outcome, 92 % (46 / 50) of patients showed CR-IM at the 5-year biopsy visit. Four patients (8 %) had intestinal metaplasia at 5 years (• " Fig. 3 ). In these four patients, a mean (SD) of 32 (17) esophageal specimens were obtained from each patient; one patient had three specimens positive for intestinal metaplasia and three patients each had one such specimen. Five of the 6 specimens positive for intestinal metaplasia were located within 1 cm of the squamocolumnar junction near the top of the gastric folds. These four patients received a single session of focal RFA 1 month after biopsy and all (4 / 4, 100 %) were found to have CR-IM status upon subsequent biopsy at 2 months after RFA. Therefore, regarding the sec-█ Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. █ Table 1 
Parameter
All Included in this survival analysis is one patient with CR-IM status at 5 years, but who had an off-protocol biopsy between the 2.5-and 5-year study visits that detected nondysplastic intestinal metaplasia in one specimen; this was followed by focal ablation. Although the biopsy was obtained outside of the study protocol and the histological findings were not reviewed by the study pathologist, treatment is considered to have failed in the survival analysis. However it is not considered to have failed with regard to the study's primary end point (CR-IM at 5 years). Of note, amongst the remaining 49 patients, 33 also had a nonprotocol endoscopy with biopsy procedures as part of standard care during the interval between 2.5 and 5 years with none having intestinal metaplasia in esophageal biopsies and none undergoing ablation in the esophagus.
At the 5-year biopsy visit, 45 patients reported taking oral esomeprazole 40 mg twice per day, 3 patients oral omeprazole 40 mg twice per day, 1 patient oral lansoprazole 30 mg per day, and 1 patient no antisecretory medication. Of the 50 patients, three (6 %) had either grade A (n = 1) or grade B (n = 2) erosive esophagitis (Los Angeles Classification) at the 5-year visit, while the remainder had no signs of erosive esophagitis. All three patients with erosive esophagitis were taking oral esomeprazole 40 mg twice per day. None of the four patients subsequently noted to have intestinal metaplasia at 5-year biopsy had erosive esophagitis during that visit. There were no differences in baseline demographic data or Barrett's esophagus characteristics between patients with CR-IM status or treatment failure at 5 years. In addition, there was no difference between these groups in the mean (SD) number of biopsies collected (29 [13] vs. 32 [17] ) or in the percentage per patient of biopsy specimens containing subepithelium (87 % vs. 88 %). Similarly in the treatment failure group, comparing the 5-year biopsy visit with the follow-up biopsy visit 2 months after salvage focal RFA, there was no difference between the mean number of biopsies per patient (32 [17] vs. 28 [17] ) or the proportion per patient of biopsies containing subepithelium (88 % vs. 94 %) (• " Table 2) . No strictures were noted at any follow-up endoscopy. One patient reported a globus sensation 1 week after salvage focal ablation, which resolved without intervention. There were no other adverse events.
Discussion
!
Esophageal mucosa demonstrating glandular epithelium with goblet cells defines the entity Barrett's esophagus [3] . The morphological categories in Barrett's esophagus of nondysplastic tissue, LGD, and HGD are surrogate markers of increasing risk for incident EAC, although genetic alterations enabling neoplastic behavior and progression are present in NDBE prior to development of a dysplasia phenotype [16 -20] . While nondysplastic tissue is associated with the lowest risk for EAC of the nondysplastic/LGD/HGD categories (0.5 % -0.6 % incidence per patient year of follow-up; 5 % -8 % lifetime risk), its detection prompts the initiation of a surveillance endoscopy and biopsy regimen intended to detect neoplastic progression [21 -24] . Recognized limitations of █ Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. █ a surveillance strategy include biopsy sampling error, lack of compliance with surveillance protocols, cost, cost-utility issues, and failure to avert EAC in many cases [8 -13] . An ideal management paradigm for an nondysplastic population in the future might be to risk-stratify patients by assaying for a genotype associated with propensity for neoplastic progression, and then to eradicate the NDBE in those patients at highest risk, with surveillance or no action in those patients at lower or zero risk. The ability to risk-stratify a Barrett's esophagus population according to genotype has proven elusive, and is not yet possible. More, however, is now known regarding the safety and short-to intermediate-term efficacy of a number of endoscopic techniques used to eradicate the Barrett's esophagus epithelium. We previously reported the 1-and 2.5-year safety and efficacy outcomes of the AIM-II trial, which applied endoscopic RFA in patients with up to 6 cm of NDBE. Circumferential ablation achieved CR-IM in 70 % of patients at 1-year follow-up [25] . Thereafter, focal ablation of residual intestinal metaplasia achieved CR-IM in 98 % of these patients at 2.5-year follow-up [14] . There were no strictures, neoplastic progression, buried glands, or serious adverse events. Others studies of RFA applied in nondysplastic, LGD, and HGD Barrett's esophagus populations, including a randomized, sham-controlled multicenter trial, report similarly high rates of CR-IM (or complete response for dysplasia) with acceptable safety profiles [26 -40] . Since Barrett's esophagus is a chronic disease state with longterm implications for neoplastic progression, information on longer-term outcomes regarding the durability of CR-IM after RFA are essential to assess the utility of this strategy. In this long-term follow-up of patients from the AIM-II trial, we conducted endoscopy and biopsy at 5-year follow-up and found that in 92 % of patients (46 / 50) CR-IM was maintained. We utilized the more objective measurement of histological findings rather than endoscopic observation. A Kaplan-Meier survival curve showed the probability of maintaining CR-IM for at least 4 years after first durable CR-IM was 0.91 (95 %CI 0.77 -0.97), while the mean (SE) duration of CR-IM was 4.22 (0.12) years. Recurrent NDBE was identified in four patients at 5 years (8 %) in 6/128 esophageal specimens, most of which were located within 1 cm of the top of the gastric folds. These patients underwent singlesession focal RFA and all showed CR-IM thereafter. No dysplasia, stricture, serious adverse event, or buried glandular mucosa was noted. Assessment of the depth of esophageal biopsy specimens showed that 85 % of the 1473 esophageal biopsy specimens contained lamina propria or deeper structures, a depth considered adequate for detection of buried glandular mucosa. Our 5-year data with RFA can be compared with long-term outcomes of other ablative modalities. A technical review by Wani et al. reported recurrence rates of up to 68 % in patients with NDBE treated with argon plasma coagulation (APC) [41, 42] . While longterm data for multipolar electrocoagulation (MPEC) are limited, one case series described recurrence at 2-year follow-up in 27 % █ Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. █ of patients with baseline nondysplastic or LGD Barrett's esophagus [43] . In the PHOBAR trial, which evaluated the safety, efficacy and durability of photodynamic therapy in patients with HGD in Barrett's esophagus, there was a 48 % probability of maintaining complete eradication of HGD at 5 years [44] . Several cost-utility models indicate that endoscopic ablation is a cost-effective strategy for Barrett's esophagus with nondysplastic tissue, LGD, and HGD. The cost-utility evidence is strongest for the highest risk lesions, i. e., LGD/HGD, with ablation being preferred or dominant to other strategies. Specifically regarding no dysplasia, however, Inadomi et al. reported that ablation is the preferred strategy for Barrett's with no dysplasia if a permanent CR-IM is achieved in 40 % of patients and surveillance discontinued after CR-IM. This model's threshold for cost-effectiveness represents a lower CR-IM (40 %) than reported in published trials of RFA, yet sets a high threshold for the durability of CR-IM and requires cessation of surveillance in CR-IM patients, a step that may not be acceptable to patients or physicians. However, the next most preferred strategy from this model (over that of surveillance) is ablation in which CR-IM is achieved in 40 % and surveillance is, in fact, continued in all patients [45] . In a separate model, Das et al. found that, if CR-IM was achieved in 50 % of patients, RFA yielded the most quality-adjusted life-years (QALYs) when compared with strategies of no intervention (natural history) and management following current American College of Gastroenterology surveillance guidelines [46] . Both of these models indicate that durability of CR-IM after ablation of NDBE has an important influence on the cost-utility of the strategy. The persistence of CR-IM in 92 % of NDBE patients at 5-year follow-up in the present study, as well as the successful re-establishment of CR-IM in all patients with treatment failure by single-session focal RFA after 5 years, is promising in that it permits us to apply these models for the first time in clinical practice and to consider RFA as a viable alternative to surveillance alone for NDBE. As Barrett's esophagus is a surrogate marker identifying risk for neoplasia progression and EAC incidence, therapeutic management strategies should be designed to avert these outcomes. In a meta-analysis, Wani et al. reported that the incidence of EAC in an observed NDBE population was 0.598 % per patient per year of follow-up, while the incidence of EAC in ablated NDBE populations (regardless of CR-IM outcome) was 0.163 % [21] . In this analysis, ablation affords an absolute risk reduction (ARR) of 0.435 % per patient per year of follow-up in patients with NDBE, demonstrating that ablation does avert EAC for this population. Using these data for NDBE, the number needed to treat (NNT) to avoid one EAC over a 1-year period is 230 (1/ARR), while the NNT to avoid one EAC over 5 years is 46. Sharma et al. found that nondysplastic tissue progresses to HGD at a rate of 0.9 % per patient per year of follow-up [22] . Using the natural history progression rates from Wani et al. and Sharma et al. for NDBE to EAC (0.6 %) and HGD (0.9 %), we might have expected seven cases of EAC or HGD in this trial over the 5-year study period (if the patients were observed and not treated), rather than the absence of HGD or EAC cases that was noted. Buried glandular mucosa is an important consideration in the management of Barrett's esophagus. This entity is present in a significant proportion of ablation-naïve Barrett's esophagus patients (25 % -39 %), as well as in post-PDT (51 %) and post-APC (44 %) patients [26, 42, 47, 48] . In the present study, we collected 1473 esophageal biopsies at 5-year follow-up and 3930 biopsies at earlier visits and found no evidence of buried glandular mucosa. Others have reported similarly low rates of this finding after RFA. Shaheen et al. found that 25 % of LGD and HGD patients had buried glands prior to RFA, while at 1-year buried glands were present in 5 % of RFA patients and 40 % of sham patients [26] . In our study, and in the randomized controlled trial of Shaheen et al., post-RFA biopsy specimens contained lamina propria or deeper structures in 85 % and 79 % of cases, respectively, suggesting that biopsy depth after RFA is adequate for detection of buried glandular mucosa and that occult buried glandular mucosa after RFA is unlikely [49] . Strengths of this study include the prospective, multicenter design, long duration of follow-up, large number of biopsy specimens obtained, standardized biopsy sampling protocol, use of large-jaw biopsy forceps, use of a single expert gastrointestinal pathologist for histological interpretation, objective histological outcomes, and use of complete histological response as the primary outcome. This study has some possible limitations: " Regarding patient attrition, the original patient group comprised 70 patients, whereas 69 and 61 patients were available for evaluation at 1 and 2.5 years, respectively. There were 60 eligible patients for the present study (those with CR-IM at 2.5 years), while 50 (83 %) provided consent and participated. Nonparticipants were older than participants. If, because of age or other unmeasured factors, nonparticipants were three times more likely to have treatment failure (a very conservative estimate given that age was not associated with response to therapy in this study), our 5-year CR-IM outcome would drop nominally from 92 % (46 / 50) to 82 % (49 / 60). Therefore, it is unlikely that attrition significantly impacted our primary findings. " One patient with CR-IM at 5 years had an off-protocol biopsy between the 2.5-year and 5-year study visits that showed nondysplastic intestinal metaplasia in one specimen obtained from the region of the gastric folds and the patient was treated with focal ablation. Although the biopsy was obtained outside of the protocol and not reviewed histologically by the study pathologist, to present the data transparently and as conservatively as possible, this patient was considered to have treatment failure in the Kaplan-Meier CR-IM survival analysis.
No other patients underwent ablation between 2.5 and 5 years. If we considered this single patient as having treatment failure for the primary analysis, the 5-year CR-IM would drop nominally from 92 % (46 / 50) to 90 % (45 / 50). " Another possible limitation of this study relates to the KaplanMeier CR-IM durability analysis and our methodology for assignment of a "time zero" for durable CR-IM for each patient. After the 1-year follow-up, focal RFA was applied at 2-month intervals (maximum of 3 sessions) in patients with intestinal metaplasia (1-year failure) as well as in patients with an irregular squamocolumnar junction (without confirmation of intestinal metaplasia) with the aim of optimizing efficacy outcomes at the 2.5-year follow-up. If some of the focal RFA sessions in patients without confirmation of intestinal metaplasia actually ablated minute residual foci of intestinal metaplasia, then it is possible that our durability analysis overestimated the true duration of CR-IM in these patients by setting the "time zero" point too early. While we do not believe that this would significantly affect the durability curve, an optimal study design might have required histological confirmation of intestinal metaplasia prior to any focal ablation after the 1-year follow-up.
" The study had no concurrent control arm, although the objective histological end points mitigate the likelihood of bias due to lack of controls at 5 years. " There was no standardized post 2.5-year antisecretory medication regimen. Up to 2.5 years, all patients were provided with oral esomeprazole 40 mg per day (with escalation to twice per day for 1 month post-RFA). The inability to assess adequacy of acid suppression and compliance with medication during the post 2.5-year period, however, limits our ability to draw conclusions about the role of these factors in disease recurrence or persistent cure. However, given the high degree of maintenance of CR-IM at 5 years, despite the heterogeneity of antisecretory regimens in the post 2.5-year follow-up period, it is unlikely that the composition of the antisecretory regimen is an important predictor of CR-IM durability. " There is an inherent lack of precision in identifying the precise location of the distal terminus of the esophagus and in accurately distinguishing this from the proximal extent of the stomach. This may be important regarding accurate assessment of the presence or absence of intestinal metaplasia in the esophagus after ablative therapy. Our biopsy methodology in this trial used the top of the gastric folds as the landmark for the distal terminus of the esophagus, and we obtained biopsies from this location (and proximally at 1-cm intervals) in all patients at all follow-up visits. It is possible that this methodology could: (i) overestimate the presence of intestinal metaplasia if these distal biopsies were actually from the untreated gastric cardia and if they contained intestinal metaplasia (a common finding); or (ii) underestimate the presence of intestinal metaplasia if the location of the gastric folds was located too proximally, as we would miss sampling a portion of the distal, previously treated esophagus. The importance of thoroughly assessing the distal esophagus is emphasized by our finding that 5 / 6 biopsy specimens positive for intestinal metaplasia in the patients with treatment failure were located within 1 cm of the top of the gastric folds. " The interval of 2 months from salvage RFA to subsequent biopsy to assess CR-IM after salvage was short. It is possible that after salvage RFA occult intestinal metaplasia was present that would have been detected after additional time or with further biopsy sessions. However, this only affected four patients (8 %) and the salvage outcome was not used for calculation of the main study end point, that of CR-IM at 5 years. " A final possible limitation is that biopsy forceps were not standardized for all cases, with the Radial Jaw-4 2.8-mm forceps employed in two-thirds of the biopsy visits and the Endojaw 220 FE 2.8-mm or Olympus FB-13K 3.7-mm forceps used in one-third. However biopsy depth did not differ according to forceps type, so this is unlikely to be a confounding variable. In summary, this is the first report of 5-year CR-IM outcomes related to RFA for Barrett's esophagus. In our patients from the AIM-II Trial who had NDBE treated previously with RFA, CR-IM persisted in the majority of patients (92 %) at 5-year follow-up, the biopsy depth was adequate to detect recurrence, and all treatment failures were converted to CR-IM with single-session focal RFA (4 / 4, 100 %). Kaplan-Meier survival analysis of CR-IM durability demonstrated that the probability of maintaining CR-IM for at least 4 years is 0.91 (95 %CI 0.77 -0.97) and mean (SE) duration of CR-IM is 4.22 (0.12) years. There were no buried glands, dysplasia, strictures or serious adverse events. These long-term data have important implications for the clinical management of patients with NDBE and perhaps also those with LGD/HGD. If early recurrence of Barrett's esophagus had been common in these patients, the value of this therapeutic intervention for Barrett's esophagus (specifically, nondysplastic) would be called into doubt. Our report of CR-IM at 5 years in the context of the many other studies reporting favorable outcomes related to the safety, efficacy, cost-utility, and reduction in neoplastic progression lend further credence for a role of RFA in the treatment of NDBE.
